Abstract -A tetracyclic natural product, nigricanin (1), was synthesized through an intramolecular biaryl coupling reaction of the phenyl benzoate derivative which was derived from the corresponding phenol and benzoic acid.
INTRODUCTION
Ellagic acid and its family are well known to exhibit a wide range of biological activities, such as antioxidant 1 and anti-cancer properties.
2
Because of their polyphenolic structures, ellagic acid and its derivatives act as free radical scavengers and thus are utilized in anti-aging supplements.
3
Nigricanin (1) is one of the ellagic acid congeners, which was isolated from Russula nigricans, and its chemical structure was determined in 2004 ( Figure 1 ). 4 Although there are several methods for the synthesis of ellagic acid, 5 the synthesis of 1 has never been reported in spite of its unique structure and suspected biological interest.
In this article, we report the first synthesis of 1 via the intramolecular biaryl coupling reaction of a phenyl benzoate derivative. (1) biaryl coupling reaction of the functionalized phenyl benzoate 3, which can be simply prepared from the corresponding benzoic acid 4 and phenol 5.
Synthesis of 1 commenced with the preparation of the phenol part by a two-step conversion from 3,4-dihydroxybenzaldehyde (6) , involving the selective benzylation of 6 into 7, followed by the protection of the formyl group with ethylene glycol to afford 8 (Scheme 2). The monobenzyl compound 7 was also regioselectively iodinated with ICl into 9, which was benzylated again, to generate 10. The aldehyde 10 was oxidized with NaClO 2 for the generation of the desired benzoic acid 11, and then the coupling precursor 12 was prepared by a simple esterification between 8 and 11. group was deprotected, thus the tricyclic formyl compound 13 was produced in 39% yield. However, a byproduct 14 (44%) was also generated in this step. The undesired 14 was a chemo-isomer of 13, namely, the protecting benzyloxy group at the position ortho to the iodo function reacted under the employed reaction conditions. 7 In spite of the moderate yield of 13, the catalytic hydrogenation of 13 in methanol successfully produced the target molecule, nigricanin 1.
In order to avoid the participation of the protecting group during the key coupling reaction, we postulated that the MOM protection would be suitable at the 3-position of the benzoyl moiety (Scheme 4). Thus, 9
was protected with the MOM group to form 15 followed by the oxidation of the formyl group, then the Table 1 . Consequently, these NMR data are identical, therefore, the synthesis of nigricanin was completed.
CONCLUSION
The synthesis of nigricanin (1) was achieved through the palladium-mediated biaryl coupling reaction of the phenyl benzoates as the key step. Progress toward the synthesis of these types of natural products will be reported in due course. 
EXPERIMENTAL

General Information
Melting points were measured using a Yanagimoto micro-melting point hot-plate and are uncorrected.
The IR spectra were recoded using a Jasco FTIR-350 or FTIR-4100 spectrophotometer. The NMR spectra were obtained using a Varian VXR-500 (500 MHz), or JEOL α-400 (400 MHz 
4-Benzyloxy-3-hydroxy-2-iodobenzaldehyde (9)
To a solution of 7 (8.45 g, 37.0 mmol) in pyridine (80 mL), ICl (2.3 mL, 44.0 mmol) was added at 0 o C, then the mixture was stirred for 4 days at the same temperature. After it was warmed to room temperature, the mixture was stirred for 4 h at rt, then 10% HCl aq. was added to acidify the mixture, which was then extracted with AcOEt. The organic layer was washed with 10% Na 2 S 2 O 3 aq. and brine, then dried over MgSO 4 and evaporated to give a crude residue. After silica gel column chromatography (20/1/2 to 5/1/4:
AcOEt/hexane/CHCl 3 ), the obtained solid material was recrystallized from AcOEt to provide light yellow needles of 9 (9.66 g, 74％): mp 126.2-127.2 ºC (AcOEt). IR (KBr) υ max 3062-2789, 2640, 2568, 1685, 1577, 1476, 1421, 1382, 1308, 1274, 1162, 1082, 1012, 997, 977, 921, 900, 828, 778, 743, 698, 676 9, 146.0, 134.9, 129.0, 129.0, 128.9, 128.0, 123.7, 111.4, 88.5, 71.7 2934, 2893, 2845, 1739, 1620, 1577, 1517, 1477, 1442, 1389, 1304, 1272, 1222, 1211, 1160, 1125, 1084, 1017, 917, 825, 819, 770, 761, 737 157.0, 148.0, 136.6, 135.6, 129.4, 128.90, 128.88, 128.6, 128.5, 128.4, 127.7, 127.5, 113.4 9, 154.8, 151.1, 149.1, 140.3, 136.8, 136.6, 135.9, 131.3, 129.0, 128.9, 128.8, 128.5, 128.45, 128.43, 128.3, 127.9, 127.6, 127.4, 127.2, 125.2, 121.4, 113.7, 113.0, 103.1, 96.0, 74.5, 71.1, 70.8, 65.3 . Anal. Calcd for C 37 H 31 IO 7 : C, 62.19; H, 4.37. Found: C, 62.36; H, 4.52 .
Intramolecular coupling reaction of 12
A mixture of 12 (50.8 mg, 0.0711 mmol), Pd(OAc) 2 (4.0 mg, 0.0178 mmol), NaOAc (11.7 mg, 0.143 mmol), PPh 3 (9.3 mg, 0.0355 mmol), and DMF (1.5 mL) was stirred for 1.5 h at 120 o C, then cooled to room temperature. To the mixture, 10% HCl aq. (1.5 mL) was added and stirred for 10 min. After the mixture was filtered, the filtrate was extracted with CH 2 Cl 2 . The extract was washed with brine, dried over MgSO 4 , and evaporated to give a residue which was subjected to silica gel column chromatography (benzene). Colorless prisms of 13 (14.9 mg, 39%) from the more polar fraction and an amorphous powder of 14 (16.9 mg, 44%) from the less polar fraction were obtained. 1728, 1676, 1591, 1562, 1497, 1445, 1379, 1281, 1242, 1200, 1132, 1105, 1003, 791, 733, 694 8, 160.1, 157.5, 149.8, 143.2, 141.1, 136.0, 135.5, 134.7, 129.6, 129.0, 128.9, 128.7, 128.5, 128.4, 128.2, 127.9, 127.7, 127.4, 127.2, 124.9, 117.6, 116.5, 115.5, 113.3, 75.8, 71.4, 71 3028, 3012, 2928, 2855, 1738, 1692, 1607, 1566, 1506, 1479, 1454, 1437, 1421, 1381, 1277, 1259, 1186, 1117, 1088, 1013, 918, 812, 781, 770, 762, 743, 719, 696, 671, 652, 465, 449, 422, 407cm -1 . 2, 166.4, 155.9, 151.3, 146.3, 140.9, 136.4, 135.6, 132.1, 130.4, 130.3, 128.9, 128.8, 128.7, 128.5, 128.4, 128.3, 128.1, 127.5, 127.4, 127.3, 125.9, 125.1, 124.9, 123.3, 120.2, 113.4, 112 
Nigricanin (1) from 13
A suspension of 13 (17.2 mg, 0.0317 mmol), Pd/C (6.2 mg), and MeOH (20 mL) was vigorously stirred for 30 min under an H 2 atmosphere. The solid materials were removed by filtration, and the solvent was evaporated to give a residue which was subjected to silica gel column chromatography with AcOEt/hexane (1:1). Colorless prisms of 1 (5.0 mg, 55%) were obtained: mp 218 ºC (acetone, decomp.) [lit. 4 8, 145.6, 138.2, 135.9, 124.8, 123.0, 121.8, 120.4, 119.0, 118.3, 112.9, 112.0, 99.7, 56 .0.
4-Benzyloxy-2-iodo-3-methoxymethoxybenzaldehyde (15)
Under an N 2 atmosphere, i-Pr 2 NEt (2.7 mL, 15.9 mmol) and MOMCl (1.50 mL, 19.9 mmol) were added to a solution of 9 (4.91 g, 13.9 mmol) 195.3, 156.4, 146.2, 135.4, 129.5, 128.9, 128.7, 127.7, 127.4, 113.3, 100.9, 99.1, 71.3, 58.7 3062-2789 (br), 2640, 2568, 1685, 1577, 1476, 1462, 1453, 1421, 1404, 1382, 1308, 1274, 1195, 1162, 1082, 1012, 997, 977, 921, 900, 849, 828, 778, 758, 743, 698, 676 
2-Benzyloxy-5-(1,3-dioxolan-2-yl)phenyl 4-benzyloxy-2-iodo-3-methoxymethoxybenzoate (17)
Under an N 2 atmosphere, to a solution of 16 (2.01 g, 4.85 mmol) in CH 2 Cl 2 (60 mL), DMAP (151.7 mg, 1.24 mmol), EDC (1.17 g, 6.12 mmol), and 8 (1.10 g, 4.04 mmol) were successively added. The mixture was stirred for 5.5 h at room temperature, poured into ice water, neutralized with sat. NaHCO 3 aq., then extracted with CH 2 Cl 2 . The extract was washed with brine, dried over MgSO 4 , and evaporated to give a residue which was subjected to silica gel column chromatography with hexane/AcOEt (6:1 to 2:1) to give a white amorphous solid of 17 (2.69 g, 100%). IR (CHCl 3 ) υ max 3013, 1746, 1580, 1508, 1454, 1381, 1267, 1231, 1202, 1161, 1124, 1082, 966, 793, 770, 750, 712, 698, 675, 467, 449, 434 136.5, 135.7, 131.2, 128.8, 128.7, 128.51, 128.46, 127.9, 127.6, 127.3, 125.2, 121.4, 113.6, 112.8, 103.1, 99.0, 71.1, 70.7, 65.3, 58.6 
Nigricanin (1) from 18
A suspension of 18 (50.9 mg, 0.112 mmol), 10% Pd/C (13.5 mg), and MeOH (40 mL) was heated at 90 o C with vigorous stirring for 90 min under an H 2 atmosphere. The solid materials were removed by filtration, and the solvent was evaporated to give a residue which was subjected to silica gel column chromatography using AcOEt/hexane (1:10 to 1:1). Colorless prisms of 1 (29.8 mg, 93%) were obtained.
When this reaction was carried out using 365.5 mg of 18, the chemical yield was 86%.
